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Introduction
A classical delayed rectifier potassium current of Hodgkin and Huxley (1952) has been suggested to occur in bullfrog dorsal root ganglion cells (Ito, 1959; Koketsu et al. 1959 ). Ito and Maeno (1986) have recently reported that step depolarizations from the holding potential close to the resting membrane potential evoke a rapidly inactivating potassium current followed by a sustained potassium current in isolated bullfrog dorsal root ganglion cells. These authors have suggested that the sustained potassium current may be analogous to the classical delayed rectifier potassium current since the current is insensitive to 4 -aminopyridine and the current is not a family of a calcium -activated current. However, voltage -dependence of the sustained potassium current has not been systemically quantified as yet (Ito and Maeno, 1986) . The main purpose of the present study was to examine voltage-and time-dependence of the delayed rectifier potassium current in dissociated bullfrog dorsal root ganglion cells. We found an outward rectifier current with properties similar to those which have been reported in the squid giant axons (Hodgkin and Huxley, 1952 Isolation of IK
All the experiments described in this and the following sections were carried out in the calcium-free standard solution (cf. Materials and Methods).
It was expected that a variety of membrane currents such as a sodium current, calcium currents, a transient or the A-current, a calciumactivated potassium current and a calciumactivated chloride current have been totally or at least substantially blocked in this solution (Mayer and Westbrook, 1983; Ito and Maeno, 1986; Fox et al. 1987; Inoue et al. 1987) .
The concentration of potassium ions ([K]o) in the standard solution was elevated to 20 mM in order to reduce the amplitude of a delayed rectifier potassium current UK) to 20 nA or less (cf. Materials and Methods).
Typical recordings of IK and resultant outward rectification in the standard solution are shown in Fig. 2 and Fig. 3 , respectively. Clamping current between -40 and -80 mV was completely leaky (Fig. 2B) . The activation of IK could be completed within 150 ms at +50 mV, as judged by the envelop of the tail current (Fig. 2C) .
Since [K] o was 20mM, the polarity of the tail current of IK was always inward at the holding potential between -50 and -70 mV (Figs. 2-5) .
IK was blocked by tetraethylammonium (TEA; 1-50 mM) in a concentration-dependent manner (Fig. 3A, B) . The effectiveness of TEA was quantitated in terms of the a percent depression of control tail current of IK upon repolarization from +15 mV (approximately the half-activation voltage of IK, see below) to the holding potential.
The minimum concentration of TEA which produced a complete block of IK was 30mM (n=4). B : sample recordings plotted in A. The tail current indicated by an asterisk was obtained with the twin-pulse (see Fig. 5 ).
Activation curve. The conductance of IK (GK) was calculated according to the formula: GK=I(E)/(EK-Vh), where I(E) denotes the peak amplitude of the inward tail current of IK on repolarization to the holding potential (Vh) from various membrane potentials (E) ranging from -40 to +80 mV. The maximum conductance (GK) ranged from 100 to 300 nS at +80 mV.
The steady-state activation curve was obtained by calculating I/Imax as a function of membrane potential where I and Imax denote the amplitude of the inward tail current of IK at given potentials and its maximum value, respectively. Imax was obtained usually at +70 or +80 mV (Fig. 6 ). These recordings also show a complete set of samples plotted in Fig. 4 . Membrane potentials at which the tail current was recorded is indicated besides each trace. Clamping current with (indicated by arrows) and without the first in the paired pulses are superimposed.
The presence of inward tail currents even after the termination of the second pulses to +20 mV, 0 mV and -20 mV indicates that the de-activation of IK occurred very slowly. Tail currents indicated by asterisks show that the currents were associated with that indicated by arrows (see Fig. 4B ). 
Discussion
In the present study we described the voltage-dependence of a conventional delayed rectifier potassium current (IK) in dissociated bullfrog DRG neurons. Properties of IK appear to be comparable to those which have been observed for IK of the squid axons (Hodgkin and Huxley, 1952) .
Isolation of IK
An inward calcium current (Fox et al. 1987 ) activates a chloride current in bullfrog DRG neurons (Inoue et al. 1987 
